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THEORY OF OPTICS
order to avoid the use of the angle of refraction x in equations (22), (23), and (24), sin X may be regarded as an abbreviation for sin <p : n, so that cos X may be replaced by
cos
= *   /   I   —
sin- 0
n*
If sin 0 > n, this quantity is imaginary. this out clearly the imaginary unit V thus:
In order to bring I = i will be introduced,
cos x =
snr
(54)
Equations (23) must hold under all circumstances,! for they are deduced from the general boundary conditions for the passage of light through the surface between two isotropic media, and these conditions always hold, whether total reflection occurs or not. But when (54) is substituted in (23) the amplitudes -in the reflected light become complex, even when those of the incident light are real. From the physical meaning of a complex amplitude which was brought out on page 289, it is evident that in total reflection the reflected light lias suffered a cliange of phase with respect to the incident light.
In order to calculate this change of phase, write, in accordance with (45), for the reflected amplitudes which appear in
(23) the complex quantities (54), since V72 : Ve^— »,
so that from (23) and
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* Cos x must be an imaginary with a negative sign. According to the conditions which are to be fulfilled, either a positive or a negative value of cos % would be possible. This could be physically realized only if the medium 2 were a plate upon both sides of which light were incident at the same angle <p, which must also be greater than the critical angle. This appears from the considerations in § 9.
f The transition layers will here be neglected. They have but a small influence upon total reflection; cf. Drude, Wied. Ann. 43, p. 146, 1891.ediate values of the dielectricry layer. In the same way the conclusion may be drawn from the third of equations (18)e image to have a
